(19>H*B1MOT (J P) 02) £r §|j t$ f^p £t ^ (A) (ll)*WiHH&H#* 

#^¥7-333447 

(43)£:MB 7 ^(1995) 12322 B 



(51)IntCL e 




F I 




G 0 2 B 6/12 








H 0 4 B 10/02 












GO 2 B 


6/ 12 






H04B 


9/00 U 








W*S©ftl OL (±10H) 


(21>ffllB## 


ftmWG- 130632 


(71)ffll@A 


000004226 










/nn\ if I DOC I - 1 

(22)ttifflB 












(72)KW# 










^SCl?=P«;BaKl*^BriTBl#6^ B 














(72)&9m 


ujih «sb 








^Cl5^BBIX|^«riT@l*6# B 














(74)«SA 





(54) mwco&m ^m^jaanrffi 



(57) [gift] 

§?• + * ;u C i K 7 =j v h ajtHaaRWttiWJ" 57U 

ten z 9- v wm&j&T u Ao&mi&i&o =3 rgapsu*s 
rum < a a + * JWKRRr u -f ©&>s&52* s . * 

n-enff ^©«SliSWT©BFr^©^S8S ; S:ft]!« b 




(2) 

1 

^bt u ^ tmtzmjim? + z^mttifot z&mr&m 

^ £ o*»cc*5» * * * * n>««BT u -f cd&>§&Bcd 

[»B®mHlfttt9n 
[0 00 1 ] 

^r*«*cc*cfcai**S!»BK?B-rs3tWt8, &* 20 

[0 00 2] 

[!£*<DttflSJ B3a8©^<©*7r-f^»«* i.3um 

/J>3<tt* (£tft«K#a< ft*) o «ot, CCD 30 
*^r^^4(£JR-r*3l6fi-9tt. *©«»^^h-rt/© 

t ^^<De^s**c^«fca^si^»Ji®3n*c 

iCCft*,, 

[0 00 3 ] 3Mfcgtt, C<DJ; 0 ft*? r ^<D#ifc£ 

*«Lr*«^*«JBfi?f5-r**>©-c**. a*©*ft 

Sil/Ctt. *«#*«««#tC^ftL,T«fflr*^-< 

2. 3r**. {a»aHB$par«. HI 0tC7STJ:5CC 40 

(i#jg«af^i«<ft*ccotir^*<ft* (easita 
^a<ft*>. */c 700^ h y v^aiiBoiSL 

ft* 0 O/C^ot, ^Wt^^T'/^fiiU/c 

^*pxH;?:7IftB*2lTC£CcJ:9. %?t4>^c 

*$ w *#«©#»«:«»* sctms. 
[0 0 0 4 ] »«c, «ft»««fi8*w-r*«*©T u -/ 
«a?ssiEi»Tts^tco^r, mi 1-013 *#iHbT« 50 



1#H¥7 - 3 3 3 4 4 7 

2 

Wl,. 01 Hi. fi£5fcCDT U^SSBEJftfS^CDffilS 

[0 0 0 5 ] ^CfcO>T t StS l 0±&Cff*J&L/c^£fc;fc 
(ifcttl*) ©A*ffl^**^«*Bl l. SHOB 
JB^^^WiBWl 2. »«KfiaALrliH^Cfi< ftS« 
»N*©«iW^6ft*^+*^**K7'U'-f I 3, m 
2©BJI5*^i»«Bl 4, a«*©U*S^t*^» 
i&B l 5 *JHS^«ttL//c»fltr** B 
[0 00 6] HI 2 *l©H^7^8«Kl 2 CD 

fiffiowjs^s-rffi^Hr**. ft**, mzoimmx? 

31 l cDUff** 5 ^««B 1 2 <30ft**S. 2 a l*A#ffl 
? + *jW*?ftBl 1 *J:ff?t*WifiB7U-f 1 3 CD 
S»«B©3Ti|B. U»A^ffl^+*^»iRBi l©& 
ig«B<Z>=i7HJP(I. s, ttA#JB***^*iftBl 1 
0^^^zS«B^WC<D^BraPB, Dti^t^^iK 

igru-i 1 3<D&mm&<D^Tmn^ s, 

#i£B7 U -Y 1 3 0X^y««B*Wt?<DW«BIHH, 
d a , d 2 ^^z»iKB8S»<DfiS*7S-r. CC 

[0 00 7 ] t<Dcfc5ft»J5Wc4dl>T. ^tS^DA^ffl^ 
t*^i»Bl 1^6Ai*L/cj6«. mi<DM&X^7 
m$l3&l 2tcfc^r|pISftCJ:0i£^ , 3. ^-OlilJrffi^S 

jt(ciea$nfc^^*ii/«iKBr u-f 1 3cc«*>n*. 

^i**jug»iKBTU-Y 1 3», &«ttB3WttBJSMA 
Lrl^K ftoTli*cDi? t &ziiSB4eM0'C^2 
<D13?f?^ ^ ^WifiB 1 4 CC^iJS L te*KB»i!l«4lA 

l tc^tiS'r * tttffli*** c r c > * o c (DtiLtsmtytmfc 

>xjjwrm*ffl^**^»«Bi 5<DA*«ccabK-r 
sistc. 3esiiK8fccitcsft*fia6cai7t'r*. 

[0008] T\sJmm&®Vr&*te> CCDJ:^CCA* 
ffl^ti^WURi i*i6AS4$hfc*oJHifi«[ec*fcc; 
br, ffi#ffl*-r*;i/2SiKBl BOaSiKB^iSIRSn* 

r«. si scc^Tcfc^tc, ai^^ + *^»»Bi 5 

<D«««B»lStc*©^Hjfta (ccrtt iooGhz® 
PS) (Dffi«rtt^tt<D*H«tt«rt4ift*. 
[0 00 9] 

y^J»Btcj:*^{tS-C«. tt*fflBT*fcaMc#ffl-^ 

< ft * <b v >T ^ a * h "J ^ ^«BB<D8W*t(Kfe^*«ttI 

[0010] 8£3lTOrU^WftBJl«»iF«. 0 

1 3 Klm-T J: 5 CCtt»»«CWtJH«»«ttS:*l/ 3 dB^ 
!Mlti27GHz&iftl>. Wot, A*ffl^+*^*ift 
Bl lCcAWSnte*<Dttfi»*©*'C«E*^e>a»b 



(3) 
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[0012] 

(D*%mc tew*?-** ^2gi&K n-{ <o&^m%<o ^ r 
b#. ^rx^ttm^co^mmarom^ommm 

[00 13] 

£ , ft ^ft<Dm&m&LXF<Dmj£<Dmmm 

[0014] *^bjcd^I^II[pI58T'«. C<DH^C 

o&***MttowzitMmm\£ i k mm t^ciw 

tlCVvvb ttJtWSSftm** 57UY a»«EBS"lsI»f 
[0015] 

«#<*fcttl*) OAA«?t*^»»Bl 1. »1 
<DM&x 7 ^«jR8 2 2 k j^O^B&STIKXfi < * 

*i =/3 c (Lc + O-DAL + QCi)) 

i#a<D^igS8^6m2 0X^^S^3Sl 4tcAS4$n 

[0 02 0] * 

m F0M = n t AL/A 0 = n c ALf 0 /c ■*(3) 

n c =i6 c /k "(4) 
"0*9. A » *J<fctf f , te**l*ftiI^7fc<D*'k&gfc ★ (Free Spectral Range :FSR) WiHJff^Sfcm, oh 

W=f 0 /m rDM "(5) 



30 



* fc £ N #<DSB«B*> 6 4 * + * «B7 U 2 

3, JB2<DB3$*^»i£Bl 4* SSWMft 
*Jl/3SttBl 5*JIH^*J*b/c»SE-C*i, &*>\ CCD 
S*«J/&«S 1 2 &c^-T££*cD7 U^mKBBftWT-i 

fc£a^**;i/zg&B2 3#fie#<Dfc<z>±s&4. 

[0016] 021*, »1©BJ^^^««B2 2©ifi 

i&ggg i 4 <Djft«KD«i6«:. H 1 2 Cc^iTfikfccDffl 1 O 

[ 0 0 1 7 3 0K:tet>T, RU:3£ l©I)f^7^iM 
2 2©i$m 2a»A*ffl^t*Jl/»«811fcJ: 

A^ffl^f *Jl/z»iRBl l©3TB8n*Iv s, ttAJlffl 

PS, D, t *^S!iBT U 2 3 i tl 

( i tti -n) ©*«b<z>=»tro«, s 2 

SKfiBT u 4 2 3 cdx 5 ^««B«^r<D»«BiaiH. 

[0018] #Wfc«rtt. A*ffl^t*^»iSRl 1 
<DtN>#- h ccjg«S f (ffifi a = c / f ) 
xmztitctrz. internum*, »i©w»^ 

7^iM2 2Cc*j^T@5rCc<t6r£:* s 0. <£cD[nl#Tffi 
iSittCClB«3ti/c* + *^ai«BTIx-f 2 3CCi»*>ti 

4. C<D££, ^^SSiftBTU^ 2 3CD&28&B&C 
8l0ii*ti**^7-<D«». S«*B<D=»TPBP«D 
* fcflc?rr4. i#S ( ittl^-N) <D»«B© 
*»W!itt*Bit(i) (HS»> it^o ^ + *^2»«B 
ru-f23^ Hir»tfg«*^ H2riJSIII^6S 
VttB^VttBfiftA Lr*X*< ft* <fc 5 tctSfiS-r 
^ 0 cn^cjpxr. i*BOW«B<D«SK:tt«fiAg 
tt«TOBf€©»«BfiQ(i) #fi«3ti*. 

[0019] C CC. — »SM ( i = 1 ) ©»KBOft 

^^^i»*Bl 4tca*i#©3t©ffiffl*, 

-a) 



40 



^ [ttl ] 

G(f) =SBit(i) exp(-j<A») 
i-i 

[002 1 ] l>* 



-(2) 



(4) 11^7-3 33 447 

5 6 

f = f s = f fl + s W/N ( s = -N/2 — N/2-1) -(6) 
<t*T. COi^, ^(3), (4), (5) ,(6) cfcO, /8 C ALX s#B<DJ05#tt. 

/3 c (s)AL = 2^(m r oN+ s/N) "•(7) 

*i(s)=/3 c (s)Lc + (i-l)27r(m FO «+ s/N)+ £ c (s)Q(i) -(8) 
5«(8) *J<ttf*(2) *ffll*-CUMt*©«»aWi ★ [0 0 2 3 ] 

C(fe) =C(sAf)==exp(-jj9c(s)Lc) 
0-1) s 
N 



x S Bit(i) exp{-j 2/r - -j£c(s)Q(0 } 



•C9) 



[0 024] <tgt£tt£o fc/cl. Af =W/Nt* * [0 0 2 5 ] 
CCT\ n =i-l (n = 0-N-1) it^MJi. [»3] 

G(s Af)=eip(-ii9c(s)L c ) 

xSBitOi+l) exp{-j 2;r-^ -j/S c (0)QCD+l>} 
T.-o N 



<10) 



[0 02 6] £t£2>. tctcL. L c »Q(n+l) ~C*>2><D 20+X\ 
"C, /3 c (s)Q(n+l) ^/3 c CO)QCn+l)t4dC^c c CC ♦ 

f?(n) = Bit(n+l) exp {-i/3 c (0)Q (n+1)} -01) 

t*j< aowtt. * c»4] 

[0027] * 

G(s Af)exp( j j8c(s)L c )= S g(n) exp (-j 2*-^-) »<12> 

[0 02 8 ] ttjii. COjRtt. ff(n) iG(sAf) <D * <fc 0 , 9fi£©«*Stt«»fif (n) ^It^CiOT 

* 1 (DM&Z 5 22ift* WT U >f 2 5CiOT*S. 

3 tCDSIWcfc^T, * + *Jl/«i£HTW2 3(D&i9 30 [ 0 0 2 9 ] C tlL «iatCBFril(03feH«»«Rp1*G ( s A 

«[l!8(D3TBHn*I*&fSffi^ta:£Lr (n+i)§a (n= o awe -5*. 6nri^««(c«. 

0 ^-X)<0%nnWM B it(n+l) i)^it<D : m [0 03 0 ] 

SAIiff«TOBf«<DzffifiBBQCn+l) SttST^Ci C»5] 

kjco, (n+i)#a©z»iftB<o{a[ffl%iHfisr5. cn&c* 



1 r s n i 

g(n)= - 5: G( s Af)exp( J £c(s)L c )exp [ j 2*— j 



•03) 



[0 03 1] ©TO^-'Jx^f^CtoTa^lSiH^ i. MgTSigj&SSfiQ<n+l) W± 

tfceCn) ##x.p>*i-2>. fit Cn+i)#g ( n = 0~N- «. *»W©*«^«iaffil!8©3tffliS»7 7 ^fi 

g cn)©&*tfii£ Lx^hti. tommmcmmt * [0032] m\ nmw) kit. *§m<oytmm&m 

2 2 t* + Z)\>m$iffiT \s 4 2 3 tOim&lcisVZ?* [00 3 3 ] £T. #7 7 4 ;«DJ3i£ffcl£gH(co)tt. 

H(co)=H„ exp {-.i 03" L/2)(a>- a>„)' } -(14) 

/3" = (A.'/^tcc) cr -(15) 

CDM^fiK'JAlO,, tctcL. c tiK3S*<D7tiia. A„ 50 =2nrc/o. "C^-S. 



(5) 
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7 « 
[0 03 4] igSAp (D^fi^um, #7 7^ *{i^kmt l/ctt. 

(Dftfoo comfit P s /km • n m, ?W<6L<D3£* 

p = tc • icr s • aL/3 -(16) 
<bfc< <b. j67 7-f^O««»£SH(a))«. 

H(co)=H 0 exp {-iP(f -fo)M -(17) 
i*?ns 0 &«U *IH«»f fcctt/foOm(4«GH2 X [0 0 3 5] 
-C&£ 0 cnj;»3, #?y^t<D»»iBW*nit ff tt, * [»6] 

d r _ i . t triads 



t , =- 



{ arg(H)}=-lm{ 



= — (f-f.) = 
n 



H(6>) 

10- e A 0 *aL 



7 



(f-fo) (nsec) 



••(18) 



[0 0 3 6 ] t^A^Wo IW-jT, ★tr, 
#«aiaiB©*JBjft»19ttG ( s A f ) #G. ft3E»i* 

G(s Af)= Go exp { j p(f B -fo) 2 } = Go exp { j P(sAf) 1 ) 

7)) ^rffim-r^Tfe^bg^JlT 1 ^^,, [0 0 3 8 ] 

[0 0 3 7 ] #Wfc8<0:«*WH^W, 5SC19)*5K(13)* ] 

1 N/2 " 1 r sn>> 

g(n) = - £G 0 exp (jp(sAf) 8 ) exp <j£ c ($>Lc> exp I J 2^— 
N H/z k N J 

•••(20) 



(19) 



[0 03 9] ©«|fc7-yxa!**«:J:^Ta*!R«« 
»g(n) ±jfiLfc<fc5tC, (n+l)SS (n = 

0- N-i)(D5femWSgfPsBit(n + i) tt5S(ii)J: 

ts*«BSQ(n+i) tt»sR*i««sig(ro <oata^*> 
t mm? 4 2SiSKg q (n+D **i*3£ s n s „ 

[004 0] *HB*«©T U^*jffi»0*r*fr?- 
"C. A 0 =1.55Mm, N = 128, R = 5.63mm. AL = 
1.03749 mm, 2 a = 7 Mm (3 Til 2 t = 6 Mm, tt 
S*r*ISA = 0.75%) , U = 7Mm, d, = 450 Mm, 

s t = 50m m. Do = l2/zm, d , = 750 Mm, s, = 
15Mmi Ufci^, n c = 1-4507. m F0H =971, W = 
200 GHz, A f = 1.56GHz£&£. 

[0 0 4 1 ] CCDTU-fWaBBiaWtSWiO, A 0 = 
1.55m m. ftfiko = -lOp s/km • nm, fi£ L = 10 40 
o km©#7T^<®#tfcft*lfll <3Mfc> T£Cctt, ^ 
(20)CCg£oT g (n) £3<tf>, i < = n + 1 ) «B < i = 

1- N. n = 0-N-l)O3tmiME*SBit(i) *>«t^»D« 

[0 04 2] B3tt:fc«IMg*SBitCi) Odttwl. 

04 mmrz^&ffi&Qw *«ftr»*frftuft:«*j 

?82 2<t***A'ZS&8&T U-f 2 3i<D«£S?«C*5^S i 

Bit(i) (13©»^(C»i =38#@) £ 50 



Bmax il, CtlfrC*HSTS=iTRiniH*Dmax it 

"i"&*>%. H3<D»^CCWDmax = D 3 ,r&& 0 =i 
TBSDfi i * f *^«iSBST u ^ tpZBM? 

[0 04 3 ] 
[R8] 

D, . Bit(i) , a 



Dmax ' Bmax ' 

[0 044 ] (OmtikififSW al^o 

[0 04 5 ] 
[«R9] 

Bit(i) 



| • Dmax 



-(20 



-(22) 



[0 046 ] r=>x^tl4o a(22)«C*JC>T Dmax - D 
o =i2Mm<tU i»Bd>*iRB8<DarSSP*IDi 

* fl* L /Co 

[0 04 7 ] iUT\ *<Dff «*ja«r*-r. 5" ! J 3 >S* 
[0048 ] H5CC*$l^r. JWttffUl/fcjlttWtBO 



(6) 



msmt**? 0 imtiX* #ffca = -10(ps/km-nni)-eg 
SL = 100(km) <D%? y 4 ^<Z>(4ffl»14 (5KCl7)«:*Jl> 
Tp = - 0.0252 (GHz)" 1 ) ©ffi??-^<D^tt**T. 

toft. »<t»tcS«3hitlffl»tt"C*5. *M3elS* 

tt, f = f 0 -25-f 0 + 25(GH2) <D 50G Hz^SSrTt^ T 

[0049] (j*2 3gttM) *«c % 

[0 05 0] S*«a«fiSB, Jfe^bSi U-CfflC»&» 

r 1 - s=-5— 5 

G(sAf) = 

1 0 - s=-N/2 —6. 6— N/2-l 
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: (i) <Dffi*sStc£. 
[0 05 1 ] #S«fc0fl<DT u-f «iasSH»r»*«:*m 
T, A D = 1.55mok N = 128 k R = 5.63m m, A L = 
254.3 urn. 2 a = 7 Mm (=»TJf 2 t = 6 Mm. JtJS 
#f*^A = 0.75%) , U=7am ( d, = 450 am, s 
, = 50unu D„=i2um, d 2 = 750 mhk s, = 15m 
mkLtctZ. n c =1.4507. m FOM = 238. W=SL3.2 
GHz, A f = 6.35GHz <!:& -So 

[0 05 2 ] COTU-faKBBHSftSW-tO. A, = 
(i3)tcfe^r. 

[0 0 5 3 ] 
Cttl 0] 



•<23) 



[0 0 5 4] tfcl^g(n) ^ i (=n+l># 
g(i = l-N, n = 0— N-l)Wfc«l¥8i*IBit(i) & 

(i) *«ifilfSrtSftfiA 0 C= Ao/n c ) rSM*ftL/cit»J 
^««382 2i?t*;l««Br U-f 2 3 iOSS^fc 
TDmax = 12m mi LtRSLfc. C©J:5ft7Mi 

f. 

[0 05 5] 0 8K*5^T, ffl*ffl?t*^»iSRl 5 30 
-ctt, S«ij!W>tJ£<0*'&JBi6» (ccTtt iooGhzHS 
Pi) 5 v h tt£Mftftm*^?* . 3 dB 

^*SB«fi£3fe<D27G Hz*> 60G HzCC £ "CftS* 3 ft ft:, "f 

So 

[0 0 5 6 ] 

Acijcio, ff*<D<a»iHs«m4*^-r4ci*j-c 40 
0 , ass • «B«*a«**jiK:3*wr* c**r* 

So 

[0057]*/c, 7W«&ffi@#T«^©'^^-* 
D*b~**3Wt3-e4C±tC<, 3 d0KH«H«:*««C 



nawfsf^pj] 

[■2]fltl OJ!B* 5 ^W«a» 2 2 <7>ififiS<DtfJi££^ 
-f}£*0o 

[El 3] jeWt«Sil/Tffll^i»^CD36*?MS*SBit 
[04] *«Wfc»iLrffll>*»^©ii*jeiB»QCi) 
[0 5 ] *^fc»Dfl[««p14©»3Bfe***-rH. 

[0 6] TisjmmmiKte+tLxm^zm&ozftn 

[0 7] 7U>fi»«8iJTttf4Ltffl^5»^©a*l 
*88fiQCO /A 0 C7>^^*T0o 

[08] 7M »«BE|^tt^fl[>*«iR«Wtt©«3eiS 
*€:^0o 

[09 ] «£*<DWt»o«iat**-ria. 
[010] fic*<DWbs©Q»«a ! istt**'J"H. 

[011] S^OTU^aWRBSHSfttT-OWffi*^ 5 ! 1 



[01 2 ] mi<Dm&zzr7mmi&i 2 (S2©s^ 

^zg$Sg 1 4 ) CDific^cDtai§^^J£A0o 

[013] ee*<DT u -rwaaBaJrtt^o^iKttWtt 
^T0 W 

[flH»<Z>t»l»] 

10.20 mm 

1 1 A*ffl^f*Jl/3>«!8 
12. 2 2 »l<Di*^7^»»B 
13,23 ***Jb3§«aBTU-f 
1 4 *2©WB*^:r#SB& 
1 5 a*ffl^ + *JU3»«IB 
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[m 1 3 [02 ] 




3 

ft 



3 

2.5 
2 

1.5 
1 

0.5 
0, 



[03] 



16 



32 44 64 60 96 



112 



300 




200 



ff 

I 



128 



[010] 









L-21cnX 




>^ L=10.5m^ 







5 10 15 2D 

raamt (gro 



(8) 



1$H¥7-3 33447 



O 

a 



[E34] 




48 64 80 96 



128 



~ -a 
3 -40 



-80 
-100 







i i : 1 





















-100 -80 -60 -40 -20 0 20 40 
ftJStttt (t -f.) (GHz) 



100 




(9) 



1^7-3 33 447 



[07] 



16 32 48 64 30 96 



112 



128 




(10) 



SW7-3 3 3 447 



{011] (HI 2] 



tts^zi^cawBtfrtt^aia «i nu&^f&nton m2 ante*? -mam*) ©i&eaxma 




[013] 




-200 -150 -100 -50 0 50 100 150 200 



